To demonstrate the three-dimensional macular thickness distribution in normal subjects by spectral domain optical coherence tomography (SD-OCT) and evaluate its association with sex, age, and axial length. METHODS. Mean regional retinal thickness measurements on the Early Treatment Diabetic Retinopathy Study (ETDRS) layout were obtained by three-dimensional raster scanning (6 ϫ 6 mm) using SD-OCT in 248 normal eyes of 248 Japanese subjects. RESULTS. Mean foveal thickness was 222 Ϯ 19 m; it was significantly greater in men (226 Ϯ 19 m) than in women (218 Ϯ 18 m; P ϭ 0.002) and did not correlate with age in either sex. Mean sectoral retinal thickness was also significantly greater in the men than in the women in all the quadrants of the inner ring (1-3 mm; P Ͻ 0.001 and P ϭ 0.001-0.007) and in the temporal quadrant of the outer ring (3-6 mm; P Ͻ 0.001). The retinal thicknesses of each of the ETDRS sectors did not correlate significantly with axial length after adjustment for age in either sex. Retinal thickness in six of the eight sectors in the inner and outer rings showed a negative correlation with age after adjustment for axial length in the men (P Ͻ 0.001 and P ϭ 0.001-0.018), whereas no correlation with age was observed in the women.
M acular retinal thickness measurement with optical coherence tomography (OCT) 1 instruments is an established method for diagnosing and monitoring macular edema and for evaluating the efficacy of medical and surgical treatments for macular diseases. This method is also effective in discriminating glaucomatous from normal eyes. These quantitative diagnostic analyses of macular thickness are based on an understanding of three-dimensional (3-D) macular dimensions. Several reports on normal macular thickness measurements used time-domain OCT (TD-OCT) instruments, such as prototype OCT, OCT1, OCT2000 (Carl Zeiss Meditec, Dublin, CA), and Stratus OCT (Carl Zeiss Meditec). [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] These studies demonstrated correlations between normal regional macular dimensions, such as the central foveal thickness and retinal thickness of the foveal and extrafoveal sectoral regions, with clinical factors such as age, sex, and axial length. However, accurate 3-D macular dimension data acquisition is limited by the imaging speed and axial resolution of TD-OCT instruments.
The macula comprises multiple layers with differing configurations and symmetry. Pathologic changes in the morphology of the macula are not necessarily identical in each layer or in each quadrant. Since TD-OCT has a low imaging speed, a dense axial scan cannot be obtained from whole macular regions. Therefore, mean macular thickness was previously calculated based on only six or fewer radial linear scans of 3 to 6 mm each, requiring interpolation to fill in the nonimaged areas. This sparse sampling density is inadequate, especially for profiling the extrafoveal macular configuration. Further, during radial scanning, each scan centering at the fovea is not necessarily registered, owing to the low imaging speed. 22 Furthermore, previous TD-OCT studies considered retinal thickness as the distance between the vitreoretinal interface and the anterior border of the photoreceptor inner and outer segment junction (IS/OS), thereby excluding the OS length from the normative retinal thickness data. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Because TD-OCT imaging with an axial resolution of ϳ10 m was insufficient to completely distinguish the three highly reflective lines representing the presumed IS/OS, outer segment tip, and RPE, the anterior border of the IS/OS line and not that of the RPE was used.
OCT has recently evolved into spectral-domain OCT (SD-OCT), which utilizes spectral domain detection to achieve 43 to 100 times higher imaging speeds as well as higher signal-tonoise ratio than TD-OCT. [23] [24] [25] [26] [27] [28] [29] [30] Present SD-OCT instruments contain a light source with a broader bandwidth (50 nm) and have approximately twice the axial resolution (ϳ5-7 m) than that obtained with the Stratus OCT (contains a 20-nm bandwidth light source). Remarkable improvements in imaging are expected to overcome the limitations of TD-OCT instruments, providing more accurate and reproducible macular dimensions with increased number and density of sampling points over the entire macula, especially with the 3-D raster scan, and the segmentation of the whole sensory retina. In fact, several reports 31, 32 showed that macular retinal thickness measurements obtained by 3-D imaging using SD-OCT instruments are more reproducible than those obtained using TD-OCT. Moreover, macular foveal and extrafoveal thicknesses of 13 normal eyes measured by an SD-OCT instrument (HD-OCT; Carl Zeiss Meditec) were 45.4-to 62.3-m thicker than those measured by the Stratus OCT. 33 We performed 3-D raster scanning using 3-D OCT-1000 to measure the mean regional retinal thickness on the Early Treatment Diabetic Retinopathy Study (ETDRS) layout in numerous normal Japanese subjects and evaluated the effects of age, sex, and axial length on foveal and extrafoveal regional retinal thicknesses.
METHODS
Macular thickness data were collected from seven Japanese clinical centers: Kyoto University (Kyoto, Japan), University of Tokyo (Tokyo, Japan), Gunma University (Maebashi, Japan), Osaka University (Suita, Japan), Niigata University (Niigata, Japan), Kanazawa University (Kanazawa, Japan), and Tajimi Municipal Hospital (Tajimi, Japan). The Institutional Review Board and Ethics Committee of each participating center approved the study, which adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from each subject after the study protocol was explained.
Self-reported ophthalmologically healthy subjects at least 20 years of age were recruited in the study according to the predetermined number of subjects in the six age groups, ensuring an even distribution of subjects per sex and age group. Ocular examination at the first visit included auto ref-keratometry, uncorrected and best-corrected visual acuity measurements with the 5-m Landolt chart, axial length measurement using ocular biometry (IOLMaster; Carl Zeiss Meditec), slit lamp examinations, intraocular pressure measurements with a Goldmann applanation tonometer, dilated funduscopy, and visual field testing (Humphrey 24-2 Swedish Interactive Threshold Algorithm with the HFA; Carl Zeiss Meditec).
Exclusion criteria were as follows: contraindication to dilation; best-corrected visual acuity worse than 20/25; refractive error, Ͼ5.0 or ϽϪ6.0 D; intraocular pressure, Ն22 mm Hg; unreliable HFA results (fixation loss or false-positive or -negative, Ͼ33%); abnormal HFA findings suggesting glaucoma according to the Anderson and Patella criteria 34 ; any abnormal visual field loss consistent with ocular disease; history of intraocular surgery; evidence of vitreoretinal diseases; and evidence of optic nerve or retinal nerve fiber layer (RNFL) abnormality, diabetes mellitus, or other systemic diseases that might affect the eye. SD-OCT examinations of the eligible candidates were performed according to the scan protocols selected by the study group before disc and macula analyses.
An experienced operator performed OCT scanning using 3-D OCT-1000 after pupillary dilation with 1% tropicamide. Color fundus photographs were taken immediately after OCT scanning. The examination was conducted on both the eyes, if eligible. 3-D imaging data were acquired by using a raster scan protocol of 512 ϫ 128 (horizontal ϫ vertical) axial scans per image (total 65,536 axial scans/image). Each 3-D raster scan covered a 6 ϫ 6-mm area centered at the fixation point in the posterior pole (Fig. 1A) and was obtained in approximately 2.4 seconds. During the measurement, accurate scan lengths were obtained by correcting the magnification effect in each eye by the manufacturer's formula (modified Littman's method), which is based on the refractive error, corneal radius, and axial length. Only good-quality images with a Q factor score of Ͼ65 were used.
To assess the interobserver reproducibility of macular thickness measurements by 3-D OCT-1000, the same macular scan protocol was performed separately by two operators on the same day in 31 subjects. Intervisit reproducibility was assessed in 48 subjects by an additional scanning by the same operator at an interval of 1 to 3 months.
Three glaucoma experts (MA, HA, AI) and two macular experts (NY, SK) from the seven centers examined all the acquired color fundus photographs and reached a consensus on whether each eye had evidence of glaucomatous optic neuropathy or other optic nerve abnormalities and on whether each eye had evidence of retinal disease, respectively.
All 3-D-OCT scan data were sent to the Kyoto University OCT Reading Center at the Kyoto University Graduate School of Medicine (Kyoto, Japan). B-scan images were analyzed with the 3-D OCT-1000 built-in software (version 3.01) to calculate macular thickness-the distance between the vitreoretinal interface and the inner border of the highly reflective line representing the RPE (Fig. 1B) . Mean sectoral thicknesses were displayed in the nine macular sectors determined by the ETDRS. The inner and outer rings had diameters of 1 to 3 and 3 to 6 mm, respectively, and were segmented into superior, inferior, temporal, and nasal quadrants. A smaller outer-ring layout (diameter, 3-5 mm) was also analyzed (Fig. 2) . 3-D scans were visually inspected and excluded if there were any B-scans with an algorithm failure, such as inaccurately drawn automated boundary lines. The center of the ETDRS circle of each image and the central fovea were manually placed together if they were not aligned. Each B-scan was checked by four expert graders, and only the images that were approved by all the four graders as having appropriate segmentation lines were included in the study. If both the eyes were eligible, one eye of each subject was randomly selected for the analyses.
The effect of age, sex, and axial length on macular thickness was determined by univariate analysis. For comparing retinal thickness variables among sectors, the paired t-test and Friedman test were used. Variables between sexes were compared using an unpaired t-test. For interobserver and intervisit measurements, coefficients of variation (CVs) were obtained by dividing the within-subject standard deviation by the within-subject mean. Statistical analyses were performed by using a commercially available software program (SPSS2; SPSS Japan Inc., Tokyo, Japan). P Ͻ 0.05 was considered statistically significant.
RESULTS
Two hundred forty-eight normal eyes of 248 Japanese subjects (127 men [51%], 121 women [49%]) were enrolled in the study, and an additional 426 eyes of 213 subjects were screened but excluded from the study ( Table 1 ). The age of the enrolled subjects ranged from 20 to 77 years (median, 48.6 years). The number and demographic data of the enrolled subjects in each age group are shown in Table 1 . Mean age of the men was 49.1 Ϯ 17.3 years and that of the women was 48.1 Ϯ 16.6 years (P ϭ 0.667, unpaired t-test). The mean axial length was 24.1 Ϯ 0.9 in the men and 23.5 Ϯ 0.9 in the women (P ϭ 0.08, unpaired t-test).
CVs are shown in Table 2 . Within-subject SD and mean interobserver or intervisit measurements did not differ significantly. Results for the smaller outer-ring region were similar (5-mm diameter), as shown in Supplementary Table S1 (all  Supplementary Tables and Figures are The mean retinal thickness of each ETDRS sector is shown in Table 3 . Mean retinal thickness in the nasal quadrant was greater than that in the other quadrants (P Ͻ 0.001, Friedman test), and it was smaller in the outer ring than in the inner ring (P Ͻ 0.001, paired t-test). Superior macular thickness was significantly greater than the inferior macular thickness, both in the inner (P Ͻ 0.001, paired t-test) and outer rings (P Ͻ 0.001, paired t-test). Mean foveal thickness (in the central 1-mm diameter of the ETDRS layout) was 221.93 Ϯ 18.83 m (range, 178.32-288.02).
Mean foveal thickness was significantly greater in the men than in the women (P ϭ 0.002, unpaired t-test; Table 3 ). Mean sectoral retinal thickness was also significantly greater in the men than in the women in all the quadrants of the inner ring (P Ͻ 0.001 and P ϭ 0.001-0.007, unpaired t-test) and in the temporal quadrant of the outer ring (P Ͻ 0.001, unpaired t-test). Supplementary Table S2 shows the retinal thickness by sex in the 5-mm outer subfields. The retinal thickness of the temporal and inferior quadrants was significantly greater in the men than in the women (P Ͻ 0.001 and P ϭ 0.013, unpaired t-test).
The retinal thickness of none of the ETDRS sectors significantly correlated with axial length after adjustment for age, irrespective of the sex (Table 4 ). Figure 3 shows the regression plot for foveal thickness (1-mm diameter) versus axial length.
After adjustment for axial length, foveal thickness did not correlate with age (Table 5 , Fig. 4A ), although retinal thickness in five of the eight sectors in the inner and outer rings significantly correlated with age (Table 5 , Fig. 4B ). The retinal thinning rate with age was from Ϫ0.14 to Ϫ0.22 m per year.
Foveal thickness did not correlate significantly with age in either sex (Tables 6, 7 ; Fig. 5 ), whereas retinal thickness in six of the eight sectors in the inner and outer rings had a negative correlation with age after adjustment for axial length in the men (P Ͻ 0.001 and P ϭ 0.001-0.018; Table 6 , Fig. 6 , and Supplementary Figs. S1-S7). The retinal thinning rate with age was from Ϫ0.21 to Ϫ0.32 m per year in the men. In the temporal sectors of the inner and outer rings, retinal thickness tended to decay in an age-dependent manner, but not significantly (P ϭ 0.056 and 0.082, respectively, after adjustment for axial length), whereas that in the extrafoveal sectors did not significantly correlate with age in the women (Table 7 , Fig. 6 , Supplementary Figs . S1-S7). The relationship between ETDRS sectoral retinal thickness and age was similar between men and women in the 5-mm outer subfields (Supplementary Table S3 ).
DISCUSSION
Many studies measured macular thickness using TD-OCT instruments to profile the macular regional dimensions and their relation to factors, such as age, sex, and axial length. However, measuring macular dimensions using TD-OCT has several limitations. First, the imaging speed of TD-OCT is inadequate to cover the entire macular region with a high sampling density. This limitation is especially critical for measuring macular dimensions, because the macula comprises several layers that do not have identical 3-D profiles and are not damaged in an identical manner. Second, TD-OCT instruments consider retinal thickness as the distance between the vitreoretinal interface and the anterior border of the IS/OS line because the IS/OS, outer segment tip, and RPE lines are not clearly distinguished; thus, the OS length has been excluded from the retinal thickness of many previous studies. In this study, we used a 3-D raster scan of 65,536 sampling points (512 horizontal ϫ 128 vertical) in a 6 ϫ 6-mm 2 compared with the 768 sampling points on six radial scans of the Stratus OCT and measured the retinal thickness as the distance between the vitreoretinal interface and the anterior border of the RPE line with a commercially available SD-OCT instrument.
We analyzed many ophthalmically normal subjects, with at least 31 subjects per age group and an almost even distribution of sexes across every age group. Therefore, a generalized relationship between macular dimensions and important subject variables, such as age, sex, and axial length is more likely to be obtained.
The clinical utility of any instrument depends on the reproducibility of its measurements. In previous Stratus OCT studies, interobserver and intervisit reproducibility of macular thick- ness measurements after pupil dilation on the ETDRS layout varied from 4.06% to 9.4% [35] [36] [37] and from 5.52% to 8.51%, 13, 36 respectively, for mean foveal thickness and from 2.15% to 6.97% 36 and from 1.48% to 8.63%, 13, 36 respectively, for sectoral thickness. In our study, the interobserver and intervisit CVs for mean foveal thickness were 1.6% and 1.7%, respectively, and ranged from 0.7% to 1.4% and from 0.9% to 1.3%, respectively for sectoral thickness. Neither interobserver nor intervisit reproducibility of macular thickness measurements using SD-OCT has been reported. Although reproducibility and repeatability are not identical, our CVs are similar to the macular thickness measurement repeatability reported by Leung et al., 31 who showed that 3-D raster-scan imaging using SD-OCT (3-D-OCT 1000) has a better measurement repeatability (mean foveal thickness, 2.42%; sectoral thickness, 0.62%-1.00%) than that of the six radial scans obtained with the Stratus OCT (mean foveal thickness, 3.21%; sectoral thickness, 1.62%-2.23%). Kakinoki et al. 32 reported a good measurement repeatability of 0.7% to 1.3% for Stratus OCT, but a significantly better measurement repeatability for another type of SD-OCT (HD-OCT).
Foveal thickness (average thickness in the central 1000-m diameter area) in our study (222 Ϯ 19 m) was greater by 10 to 52 m than that reported in previous studies using TD-OCT instruments, such as the prototype OCT, OCT1, and Stratus OCT (170 -212 m). 3,8,13,14 -21 In our study, entire macular thickness was considered to be the distance between the vitreoretinal interface and the inner border of the RPE line. In previous TD-OCT studies, retinal thickness was considered to be the distance between the vitreoretinal interface and the inner border of the IS/OS line, excluding the outer segment layer thickness. Recently, Leung et al. 31 reported that the macular fovea in 35 normal eyes was thicker by 20.8 m when 3-D OCT-1000 was used (216.4 m) compared with when Stratus OCT was used (195.6 m). Recently, two other studies reported greater differences in foveal thickness between Stratus OCT and HD-OCT: Legarreta et al. 33 showed that the foveal thickness in 13 normal eyes was 258.2 m with HD-OCT and 212 m with Stratus OCT, and Kakinoki et al. 32 reported that foveal thickness in 50 normal eyes was 256.7 m using HD-OCT and 197.2 m using Stratus OCT. Both the SD-OCT instruments measured retinal thickness as the distance between the vitreoretinal interface and the inner border of the RPE line. In the histologic study by Yamada, 38 the thickness of the outer segment between the IS/OS and RPE was approximately 45 m. Grover et al. 39 reported that the mean foveal thickness in 50 normal eyes was 270.2 m when determined by a different type of SD-OCT instrument (Spectralis; Heidelberg Engineering, Dossenheim, Germany), which measures retinal thickness considering the distance between the vitreoretinal interface and the outer border of the RPE line. Thus, the greater mean foveal thickness obtained by using SD-OCT instruments in our study and previous studies compared with that obtained using the Stratus OCT seems to be partly due to the difference in the retinal thickness definition.
In our study, the thickness in the nasal sector was much greater than that in the other three sectors within the outer ring (nasal Ͼ Ͼ superior Ͼ inferior Ͼ temporal), whereas there were no large differences between the inner ring sectors, consistent with previous Stratus OCT studies. 15, [17] [18] [19] [20] [21] 31 Greater asymmetry of the macula thickness of the outer ring compared with that of the inner ring may be due to the vertically symmetric, but horizontally asymmetric anatomic nature of the RNFL, in which converging retinal nerve fibers form the superior and inferior arcuate bundles of nerve fibers within the optic disc. In contrast, the ETDRS inner ring corresponds to regions with the thickest total retina and ganglion cell layer and a relatively thin RNFL. The relatively symmetric macular configuration in the inner ring may reflect the symmetric nature of the anatomic configuration of the retinal layers beneath the RNFL. We found that the foveal and some of the extrafoveal sectoral thicknesses were significantly greater in the men than in the women. The mean foveal thickness (1000-m diameter) in our study is consistent with that in four other studies in which the OCT2000 or Stratus OCT was used. 3, 14, 17, 18 The intersex difference (8 m) in our study was much smaller than that reported in previous studies (12-22 m) . Other Stratus OCT studies reported no significant intersex differences, 14, 19 indicating an inconsistency between previous studies in which the same Stratus OCT instrument was used. 14, [17] [18] [19] Stratus OCT has an axial resolution of ϳ10 m and hence requires an appropriately large sample size to detect intersex differences of as small as 8 to 22 m. The two Stratus OCT studies, which reported foveal thickness greater by 19.5 m and 21 to 22 m in the men than in the women, included 143 and 83 subjects, respectively. 17, 18 One of the studies that did not detect a significant sex difference (14 m) included 37 subjects, and only 11 (29.7%) were men, 14 and the other study, reporting a 4-m difference, used 200 eyes of 100 subjects, but more men (69.69%) were included than women (31.31%). We evaluated 248 subjects with a nearly even sex distribution per age group and used an SD-OCT instrument with an axial resolution of 5 m. Recently, a study reported a 7.5-m larger foveal thickness in the men than in the women by using Spectralis, which is consistent with a 7.48-m difference in our study. 39 However, the difference in the previous study was not statistically significant probably because of the smaller sample size (50 subjects).
The extrafoveal retinal thickness in the outer ring, except for the temporal outer sector, showed a very small intersex difference. All the inner ring sectors were 5 to 7 m thicker in men; this was somewhat comparable with the results of two previous Stratus OCT studies. 17, 18 Kelty et al. 18 showed that in their 83 Caucasian and African American subjects, the retinal thickness was significantly greater in the right eye in the men (12-20 m, inner ring; 9 m, temporal outer ring) in the same sectors as observed in our study, whereas in the left eye, only the nasal sector in the inner ring showed a significant sex difference (12 m). Other sectors in the inner ring also had a nonsignificant 8-to 9-m greater mean retinal thickness in the men, unlike a 1-to 3-m difference in the outer ring. Using 143 Chinese subjects, Lam et al. 17 showed that the retinal thickness in the temporal and superior sectors in the inner ring was significantly greater by 8 to 9 m in the men; other sectors showed greater mean retinal thickness by 1 to 5 m, which was not statistically significant.
One of the studies performed with a retinal thickness analyzer (RTA; Talia Technology Ltd., Neve-Ilan, Israel) 40 showed greater thickness in the central 20°of the posterior pole in African American men. Two other studies did not detect an intersex difference in the mean foveal thickness (1200 m diameter). 41, 42 Zou et al. 41 did not find significant inter-sex differences in the retinal thickness in any extrafoveal regions, and in contrast to our results and those of Asrani et al., 40 Chan et al. 42 reported that Chinese women had 8-m thicker retinas in the perifoveal and posterior pole regions. Because the RTA functions on the principle of slit-lamp fundus biomicroscopy and bi-Lorentzian curve fitting is performed to delineate the internal limiting membrane and RPE with an axial resolution of approximately 50 m, 40 -42 it is uncertain whether this instrument can resolve the 5-to 9-m intersex differences observed in our study.
Most previous studies reported no intersex difference in mean circumpapillary RNFL thickness. 11, [43] [44] [45] [46] [47] The lack of an intersex difference in outer-ring thickness in the previous studies may be because of the influence of the superior and inferior arcuate configuration of the RNFL. The intersex difference in the temporal-outer sector may be attributable to the smallest RNFL thickness in the temporal raphe of the extrafoveal region. The retinal thickness external to the RNFL, which constitutes a relatively larger part of the retina may be responsible for the intersex difference in the inner ring. The layer responsible for the intersex difference in retinal thickness is yet unknown.
Mean foveal thickness did not correlate with age, whereas extrafoveal retinal thickness in five of the eight sectors had a negative correlation with age. It is of interest that this correlation was observed only in the men. An intersex difference in the age-dependent decay of extrafoveal retinal thickness has not been reported. Using Stratus OCT, Eriksson and Alm 21 studied 134 Caucasian eyes without high myopia and reported that the macular thicknesses in all the sectors on the ETDRS layout correlated significantly with age, which is consistent with our results, except for the mean foveal thickness. However, they did not compare the results between sexes. A Stratus OCT study 15 and 2 SD-OCT studies (HD-OCT, in the study by Kakinoki et al. 32 and Spectralis, in the study by Grover et al. 39 ) found no correlation between age and mean foveal thickness (1000-m diameter), as observed in our study, but none of these studies showed a relationship between extrafoveal thickness and age. Two other OCT2000 studies suggested that macular thickness decreases with age. 9, 11 However, it is difficult to compare their results with ours, because their measurement protocols differ greatly from the mean sectoral retinal thickness measurement based on the ETDRS layout used in our study; Alamouti and Funk 11 measured retinal thickness along the 2.3-mm length scan placed at the temporal edge of the optic disc, and Kanai et al. 9 evaluated the mean foveal thickness at the diameters of 1.5 and 2.0 mm, which include both foveal and some extrafoveal regions. Lam et al. 17 detected no correlation between age and any macular measurement on the ETDRS, which is consistent with our results for mean foveal thickness, but conflicts with those for extrafoveal sectoral thickness. Their study included 80 eyes (56%) with high myopia (spherical equivalent Ͻ Ϫ6.00) of the total 143 eyes, and the mean retinal thickness in the outer ring significantly differed between highly myopic and nonmyopic to moderately myopic eyes. Thus, the inclusion of the highly myopic eyes may have accounted for the discrepancy.
Various histologic studies have reported substantial axon fiber loss per year. 48, 49 Consistent with these studies, most OCT studies indicate significant decreases in the mean circum- papillary or peripapillary RNFL thickness with age. 11, 44, 45 Alamouti and Funk, 11 Parikh et al., 46 and Budenz et al. 47 reported a regression slope of Ϫ0.44, Ϫ0.16, and Ϫ0.20 m/ year, respectively. Our results indicate a significant linear decrease in mean extrafoveal sectoral macular thickness with age in the men, with a negative slope ranging from Ϫ0.12 to Ϫ0.32 m/year. The retinal thickness in the temporal quadrant with the thinnest RNFL was the most resistant to age-dependent decay. Furthermore, age did not correlate with the mean foveal thickness at a 1-mm diameter where the RNFL thickness is negligible. Thus, age-related decay of extrafoveal macular retinal thickness seems to be due partly to the age-related decay of RNFL thickness. An intersex difference in the age-dependent decay of RNFL thickness has not been reported.
We found no correlation between macular sectoral thickness and age-adjusted axial length; a finding somewhat inconsistent with that of the two studies using the OCT II or Stratus OCT, in which foveal minimum (central foveal) and/or mean foveal (1-mm diameter) thickness correlated with axial length. 16, 17 Lam et al. 17 used Stratus OCT and showed a correlation between foveal thickness and axial length and a negative correlation between sectoral thickness in the outer ring and axial length, whereas the thickness of the four sectors in the inner ring did not correlate with axial length. Lim et al. 16 used OCT 1 and showed that minimum foveal and maximum thicknesses correlated with axial length. These two studies differ from ours in that they included highly myopic eyes. Our results were consistent with those of an OCT2000 study, 12 which included highly myopic eyes, and two RTA studies, one of which included highly myopic eyes. 41, 42 These three studies indicated no correlation between foveal or extrafoveal thickness and axial length. The results of one of the studies that included highly myopic eyes were consistent with those of ours, whereas those of the others were not. Unfortunately, these previous studies did not adjust for age. Because the findings of our study and those of a few previous studies suggest a correlation between macular retinal thickness and age, age-adjusted analysis is required for precise interpretation. Moreover, fundus dimensions are affected by magnification errors caused by axial length and refraction error, but magnification correction using Littman's method, as performed in our study, was implemented in only one OCT1 study, 16 in which, unfortunately, only a vertical scan was performed.
Our study has a limitation: the 3-D-OCT raster-scan protocol may not cover the entire ETDRS region in some eyes, because, although the ETDRS layout falls within a 6-mm diameter circle, the raster scan covers only a 6 ϫ 6-mm area with identical horizontal and vertical dimensions. Thus, if the central fovea and the central point of the ETDRS layout do not match exactly, the thicknesses of some peripheral areas of the outer ring may be omitted. Similar problems are encountered when obtaining measurements with six radial 6-mm-long linear scans using the Stratus OCT. Therefore, we also evaluated a smaller outer-ring layout (5-mm diameter) and obtained results similar to those obtained with the standard ETDRS layout. Further, despite a large sample size with a nearly even distribution of age and sex, our study was limited to Japanese subjects without high myopia; this selective sample may limit the interpretation of our results. Foveal and extrafoveal thickness differences between different ethnic groups 18, 19 or between the eyes with and without high myopia 17, 20 have been reported. The limited inclusion criteria of our study provide a simpler approach for studying the relationship between macular thickness and age, sex, and axial length, without the influence of ethnic differences or high myopia. Nevertheless, the results need to be confirmed in other countries or ethnic groups, as well as in subjects with high myopia.
Here, the data for regional macular thicknesses in a large, normal, Japanese population were obtained by 3-D raster-scan imaging with a commercially available SD-OCT instrument and software. Although the reasons for the discrepancies between our study and previous studies are not entirely clear, our findings indicate that sex and age must be considered while interpreting macular retinal thickness data.
